In this work, hierarchical three-dimensional (3D) β-Na 0.33 V 2 O 5 microspheres have been synthesized for the first time by a simple solvothermal reaction with subsequent annealing treatment.
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Introduction
Recently, three-dimensionnal (3D) nanostructured materials have attracted considerable attention due to their superior physical and chemical properties. [1] [2] [3] [4] [5] In particular, they are broadly studied as electrodes for Lithium ion batteries (LIBs) because of the capability to keep the structural integrity, high packing density and good lithium storage properties. [6] [7] [8] [9] Moreover, the characteristic hierarchical structures are believed to have better abilities to suppress the agglomeration, facilitate the electrolyte penetration and accommodate the volume change upon cycling. [10] [11] [12] And the nanosized building blocks also could effectively reduce the lithium diffusion distance, which could significantly improve the rate capability and capacity retention. 10 formed. Then, NaHCO 3 with different molar ratio of (Na:V= 1:4, 1:6 and 1:3) were separately added into the above-prepared solution under stirring for 20 minutes. After that, 60 mL of isobutanol was added to make the mixture solution, which was transferred into a sealed 100 mL Teflon container and Figure 1 shows the SEM images of the solvothermally prepared microspheres precursor atdifferent magnifications. As shown in Figure 1a and 1b, the solvothermal products from the molar ratio of Na:V=1:4 are of spherical morphology and the diameter of which is about 4µm. The microspheres are monodispersed. The higher magnification SEM image ( Fig. 1c) further reveals the detailed structures of microspheres, which are assembled from discrete nanosheets with a thickness of about 30 nm. The formation of hierarchical microspheres in the solvothermal process is attributed to the mixed solvents of isobutanol and water. The whole solvent can be considered as the gathering of small water and isobutanol droplets, and the precursor subunits are formed within the droplets.
Results and discussion
When the subunits grow big enough, they will break the limitation of the volume limitation of small droplets and the subunits will merge together in order to reduce the surface energy to reach a more thermodynamical stable state. Therefore, the hierarchical microspheres will be formed. As shown in Fig. 2a and b, when NaHCO 3 with a molar ratio of Na:V=1:6 was added into the solvothermal
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CrystEngComm Accepted Manuscript solution, nanosheet structured microflowers are obtained after solvothermal treatment. The diameter of the microflowers was much smaller, ranging from 2 to 3 µm. As shown in Figure 2c and d, urchin-like NVO-3 nano-/microstructures could be produced when NaHCO 3 with a higher molar ratio of Na:V= 1:3. The urchin-like subunits were composed of nanobelts with a length about 3 µm.
And the urchin-like microspheres were the largest among the three solvothermally prepared samples.
When more NaHCO 3 was added, the subunits of the hierarchical microstructures changed from nanosheets to nanobelts. The morphology change may be raised from the higher concentration of Na 
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demonstrates that the morphologies of the microspheres are well preserved from the solvothermal products after annealing in air. The space between neighboring nanosheets is clearly detected (Fig.   4c ). The nanosheet subunits shrunk to smaller nanosheets during the annealing process, which may be attributed to the recrystallization of the precursor when it is converted into β-Na 0.33 V 2 O 5. The TEM image (see Fig. 4d respectively, indicating the good rate capability of the electrode material. Fig. 6c shows the cycling
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CrystEngComm Accepted Manuscript performance of the β-Na 0.33 V 2 O 5 microspheres at a current density of 1000 mA g -1 . It delivers an initial discharge capacity of 157 mA h g -1 and retains a specific discharge capacity of 111 mA g -1 after 35 cycles. The average capacity fading rate per cycle is 0.8%. The good cycling performance at high current density can be attributed to the novel three dimensional microstructures assembled from nanosheets building blocks. The hierarchical 3D microspheres can limit the self-aggregation upon cycling. The large space between neighboring subunits can provide easy path ways for electrolyte penetration and the nanosized subunits can shorten lithium ion diffusion and the electron transportation distances, thus allowing the electrode to obtain good rate capability and cyclic stability.
In order to study the transport kinetics of the electrochemical properties of the microspheres, the typical electrochemical impedance spectra of the electrodes were performed and the Nyquist plots are shown in Fig. 6d . The impedance spectra consist of a depressed semicircle in the high frequency region and straight line in the low-frequency region. The semicircle is assign to the formation of solid electrolyte interface (SEI) film and contact resistance, and the straight line is associated with the diffusion of Li + in the electrode materials. In the equivalent circuit model inset Fig. 6d , R 1 consist of the electrolyte resistance and ohmic resistances of cell components. R 2 is the resistance of SEI films while R 3 is the charge transfer resistance of electrochemical reaction. The value of R 3 increase with cycling due to the increasing thickness of SEI film and the irreversible phase transformation, which is commonly seen as a dominant effect for the capacity fading of vanadium based cathodes. 44, 45 As shown in Nyquist plots, for the fresh electrode, the charge transfer resistance value is 121.6Ω.
When the electrode was evaluated for 35 cycles, the charge transfer resistance increases to 181.3Ω, indicating a slight increase of charge transfer resistance but a lower increasing rate comparing with that of the mesoporous β-Na 0.33 V 2 O 5 electrode. 39 The small charge-transfer resistance can be
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CrystEngComm Accepted Manuscript attributed to the unique hierarchical structures, which shorten the diffusion pathways and improve the structure stability during the cycling processes. To further investigate the structure stability of β-Na 0.33 V 2 O 5 electrodes, the morphology of the β-Na 0.33 V 2 O 5 microspheres after cycling process was characterized by SEM. As shown in Fig. 7 , after cycling at 1000 mA g -1 for 35 cycles, it is interesting to find that the hierarchical structures of the microspheres can be retained, which indicate the good structural stability of the hierarchical structures..
Conclusions
In summary, 3D hierarchical β-Na 0.33 V 2 O 5 microspheres have been successfully synthesized though a simple solvothermal method with following annealing process. The morphologies of the solvothermally prepared microstructures can be adjusted by changing the addition amount of NaHCO 3 . The nanosheet-assembled microspheres can be converted into β-Na 0.33 V 2 O 5 with good structural reservation after annealing. As cathode material for LIBs, the β-Na 0.33 V 2 O 5 microspheres exhibit high rate capability and enhanced cycling stability. 
